This paper presents an automated approach for building a metadata hierarchy of a set of web sites without the use of any predefined external hierarchies, and then merging and comparing them. The nodes of the hierarchy are the keywords of the specified web sites, and the links between these keywords are the weak subsumption relationships. We apply this method in the RTGI1 project f8S on clusters of web sites already defined. The hierarchies can show how homogeneous each cluster is and permit to outline the contents of each corresponding cluster effectively. Moreover, we construct the common hierarchy of multiple clusters so that we check if their individual hierarchies are well distinguished and separated in the common one, which in turn indicates the correctness of clustering. At the end, we build the Semantic-Hypertextual graph of the sites which explains the semantic contents along with the topological structure of the sites.
Introduction
Hierarchies are an efficient structure to describe and understand information, and they can be used to browse and summarize large sets of documents. Consequently, finding methods to build these hierarchies was the goal of many researches whose most methods were manual whereas some others were automated. In fact, Reseuax hugo. zanghicgmail. com building a metadata hierarchy manually gives better results, but in exchange, it needs much more human efforts which tends to be difficult to afford sometimes. Thus, we are interested, in this paper, to develop an automated approach to solve this problem and that depends on the idea of subsumption relationships (section 3.2). We begin by some achieved work in this domain (section 2), then we explain the steps to reach our hierarchy (section 3) and we propose how to enrich this hierarchy (section 4) by gathering the synonymous words into one node in the hierarchy. At the end, we present our experiments and results (section 5), and we show how we can benefit from our results to make a great fusion between the topological graph of web sites and their metadata hierarchy to produce the semantic-hypertextual graph.
Related work
The problem of constructing a metadata hierarchy was the interest of many researchers who followed different methods to deal with it, and only few of which were automated. Stoica and Hearst [4] obtain their hierarchy depending on the already defined hypernym paths of the WordNet thesaurus. Rydin [5] [1] use the notion of subsumption that they define as follows; for two terms, x and y; x is said to subsume y if:
P(x/y) > 0.8 and P(y/x) < P(x/y); i.e. if the documents in which y occurs are approximately a subset of those in which x occurs. Therefore, x is considered the parent of y in the resulted hierarchy.
The former method attracted us because when x subsumes y in a set of documents, this means that x is more general than y and consequently x is more representative for the documents than Y.
Building the hierarchy
In order to build a metadata hierarchy for a set of web sites, we must first pick the right representative words out of these sites. These words are chosen to be just the nouns. Then, we specify which pairs of these words constitute a subsumption relationship, and build their hierarchy. We benefit from this hierarchy by designing the semantic-hypertextual graph of the 
Subsumption relationships
The hierarchy that we are going to build contains one type of relations between its nodes; the subsumption relation, which is originally defined as: For two keywords x and y; we say that x subsumes y if:
P(x/y) = 1 and P(y/x) < 1 (2) where P(x/y) is the conditional probability of x given y.
These two conditions (2) imply that the documents in which y occurs are a subset of those in which x occurs. Consequently, x is the parent of y in the hierarchy. As mentioned in [1] , the previous two conditions are very strict, and many suitable pairs (x, y) fail because a few occurrences of the term y don't co-occur with x. To avoid this, these two conditions were relaxed and redefined to get the notion of the weak subsumption as follows: For two keywords x and y; we say that x weakly subsumes y if:
P(x/y) > 0.8 and P(y/x) < P(x/y) We take into consideration only the pairs (x,y) that achieve the conditions (3), and in the case where P(x/y) = P(y/x), we choose one of the two words arbitrarily to be the parent of the other. If the two terms co-occur together in two or fewer web sites, we don't consider their subsumption relation [2] .
Because of the transitive nature of subsumption, we tried to eliminate the arcs in the hierarchy in the manner: If x subsumes y, y subsumes z, and x subsumes z, then we eliminate the relation (x,z). But we noticed that the complete hierarchy with all of the relations better explains the contents of the web sites than the reduced one, so we kept working with the full hierarchy.
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At the end of this step, we get the metadata hierarchy that we look for and it's the time to visualize it and make sure if it was really representing the contents of its web sites.
Visualizing the hierarchy
To visual the hierarchy, we use a special graph exploration system called "Pajek" that permits to apply many algorithms on the graph (c.f. Figure 5) . However, Pajek doesn't give us the capabilities to manipulate each node in the graph, so we use another system called "GUESS" that provides more techniques and allows to treat the graph from a command line. 4 Grouping the synonyms Let's now go further and try to enrich the constructed hierarchy. We search for the synonymous words in the set nouns and consider them as one concept in the hierarchy. In this way, the number of nodes may be reduced, and some interesting implicit relationships can be found.
subject/verb relationships extraction
It is very important to reduce the number of keywords in an efficient way so that we don't lose information and also give rise more precise content-oriented information. To do this, we put each group of synonymous words into one concept in the hierarchy.
We know that each word may have several synonyms depending on the local context of the word. Thus, in order to find the right synonyms of a word, we depend on the following assumption: "Two different words are likely to have similar meanings if they occur in identical local contexts" [9] . These local contexts are considered, in our approach, the dependency relationships "subject/verb".
To achieve this goal, we use the program "IN-TEX" that takes as an input a text file and parses it to identify the sequences of words that correspond to a specified pre-built Finite State Transducer4 (FST). Thus, we had to build the transducer that allows to extract the subject/verb relationships out of a text (c.f. Figure 3 previously, and we visualized them using Pajek and GUESS. The resulted hierarchies were logically coherent.
The first cluster talks about the village (la ville), or in other words, the life of a municipality (c.f. Figure 4) . Some of the interesting keywords that we found were: (ville, maire, association, conseil) and they were in the center of our graph, which means that they are the main representative words of this cluster and this is right. On the other hand, we see on the sides the arguments of action such as (logement, emploie, cultur). ing/incoming) hypertextual links; but this time it's different. This graph shows, at the same time, the topological links between the web sites along with the semantic relations between these web sites and the keywords of their metadata hierarchy (c.f. Figure 7 ). This gives us the ability to see our sites and know, simultaneously, the theme they're talking about since each keyword will be placed in the middle of the region of its main sites. In fact, when we look at the graph of metadata hierarchy of the two first clusters together, we notice, first of all, a loss of readability (c.f. Figure  6 ); but for those who know already each cluster, it's easy to identify the two thematic poles (or keywords) in the graph ('projet' and 'conseil') that are the two most common keywords between the two clusters; Thus, by deleting these two words from the graph we are able to distinguish directly our two different clusters. When we came to the other two clusters and built their common hierarchy, we found a great ambiguity and it was very difficult to capture the two cluster out of the graph. This is because the two clusters have a lot of keywords in common; like ('constitution', 'monde', 'pays', 'droit', etc).
A very important part of this paper is the construction of the semantic-hypertecxtual graph of the web sites. We used to see topological cartographies of web sites which represent the relations between the sites by means of their (outgo-0-7803-9521-2/06/$20.00 §2006 IEEE. Figure 7 The semantic-hypertextual graph of the first cluster 6 
Conclusion
We have seen that using the subsumption method in building a metadata hierarchy for a set of web sites gives very good results. We showed how we can also benefit from this hierarchy to compare multiple clusters by analyzing the graph of their shared content-oriented hierarchy and trying to find each cluster. The results prove that when the clusters are very different from each other, we will be able to find them separated in the shared graph, but the more these clusters have keywords in common, the much more difficult is to distinguish them in the shared graph. The method of grouping the synonymous words is still on the way to be applied, and we think that it will give unexpected results (some strange and some interesting). Designing the semantic-hypertextual graph of multiple clusters can help us verify the contents of each cluster by checking the keywords that are found in its region. So, it's now easier to do this.
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